Objective: To assess the subjective appetite responses to an imposed activity-and diet-induced energy deficit during a residential intervention programme for obese children. Design: A 6-week intervention of fixed, reduced dietary intake and 6 h/day of skill-based physical activity while resident in a weight loss camp. Subjects: Thirty-eight obese (mean body mass index (BMI) ¼ 34.9 kg m À2 ) boys and girls (mean age 13.971.57). Measurements: An electronic appetite rating system (EARS) was used to periodically measure subjective appetite sensations at the start (WK1) and at the end (WK6) of the camp. Subjective ratings of hunger and fullness were compared at the start and end of 6 weeks of an activity-and diet-induced-based weight loss intervention. Results: At the end of the 6 weeks, the children had lost 8.4 kg in body mass. The diurnal profiles of subjective appetite sensations demonstrated clear oscillations in hunger and fullness. There was a significant increase in hunger (Po0.0001) and decrease in fullness (Po0.005) at the end (WK6) of the medium-term energy deficit. In WK6, morning ratings of hunger were higher than in WK1 (Po0.005) and the fixed energy evening meal induced a lower suppression of hunger (Po0.02). Conclusion: A programme of fixed, reduced-dietary intake combined with an activity and behavioural programme was successful at inducing a significant reduction in body mass in obese children. Subjective sensations of appetite were sensitive to a medium-term negative energy balance and weight loss. These data are essential as we continue to evolve methods of treatment for overweight and obese children.
Introduction
The recent Health Committee Report has highlighted the severity of obesity in children by suggesting that 'today's generation of children will be the first for over a century for whom life expectancy falls'. 1 An environment that enforces an inactive lifestyle and overconsumption is causing obesity to breach such epidemic levels. Of greater concern during this epidemic is the limited empirical data on the efficacy of activity and/or dietary interventions in children. 2, 3 Recently, several reports on the efficacy of residential treatment programmes have been published. [4] [5] [6] [7] These studies have shown positive changes in a range of physiological and psychological variables associated with the health and wellbeing of participants. In theory, imposed dietary reductions in energy intake (EI) and increases in energy expenditure (EE) should create a negative energy balance. In adults, it is well established that imposed reductions in dietary intake lead to compensatory increases in hunger and food intake. There are many examples in the literature of food-induced reductions in EI. For example, skipping a meal gives rise to compensatory increases in hunger and food intake as a result of an acute energy deficit. [8] [9] [10] Therefore, the appetite system possesses extremely powerful mechanisms to protect against undereating. 11 Probably as a result of this phenomenon, it is often believed that physical activity is a poor strategy for losing weight as the energy expended will drive up hunger and food intake to compensate for the energy deficit incurred. Most of the evidence to examine the effect of activity-induced increases in EE on food intake comes from short-term intervention studies in adults. This evidence suggests that there is no immediate compensatory increase in hunger and food intake. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Recently, this phenomenon was also demonstrated in 9 to 10-year-old girls. 22 Therefore, the body of evidence points to a loose coupling between exerciseinduced EE and EI (for reviews see Blundell et al., 23 Blundell and King, 24 King et al.
25
and King 26 ). There are few studies that use longer-term activity interventions (i.e. 42 days). However, recent evidence suggests that compensatory increases in EI start to occur after 7 days, 27 and that larger energy deficits are required before any compensatory increases in appetite are observed. The present study used a combination of a diet, activity and education within a 6-week residential setting in children as a means of inducing weight loss and promoting long-term weight management. As far as we are aware, this is the first study to measure the effects of such an intervention of this type and duration on subjective appetite sensations in children. The focus of this study was not to examine the efficacy of the intervention on body mass, but to determine how appetite sensations respond to an imposed, mediumterm energy deficit. the analysis owing to incomplete data. The characteristics of the boys and girls can be seen in Table 1 . Recruitment to the programme was achieved through a combination of medical referral and advertising. Parents paid for their child's attendance (d370 per week; max. 6 weeks). However, about 20% of children were fully funded by their primary care trust or social services department. Children were required to have a BMI above the international obesity task force cut-off value for overweight and a letter from their general practitioner recognizing their participation. The study was granted ethical approval by the Leeds Metropolitan University Ethics Committee. Children and parents also gave their written consent to attend the camp.
Materials and methods

Subjects
Intervention/background
The camp programme was delivered in a private school in the North of England. All accommodation, catering and sports facilities were provided on site. The aim of the programme was to provide a safe, supportive environment in which overweight and obese children could reduce their body mass and improve their health and well-being whilst having fun. In addition, the child-centred approach of the programme focused on providing children with positive experiences and appropriate strategies that could continue when they returned home. The daily schedule of physical activity combined a range of structured fun type, skill-based activities consisting of six 1-h sessions each day, one aerobic (e.g. dance or aerobics), one water-based (e.g. canoeing or swimming), two student-choice sessions and two games-based sessions (e.g. netball or rugby). All activities were led by physical education teachers and qualified sports coaches.
The programme also included a caloric restriction. EI (1300-3300 kcal day
À1
) was tailored to each child and was based on estimated basal metabolic rate (BMR) using the Schofield equations. 28 The daily EI was provided as three meals and a snack. The composition of the diet was 30, 15 and 55% of energy for fat, protein and carbohydrate, respectively. The energy and macronutrient content of the diet remained constant during the 6 weeks. Children were observed during meals to ensure they did not abstain from eating and also that they did not consume more food than they were allocated. The aim of the dietary intervention was to provide sufficient daily energy to meet the individual requirements of each child based on their age and body mass. Children also took part in four educational sessions per week (two lifestyle modification classes, a nutrition class and a general discussion group). All sessions were conducted by the education team at the camp. The aim of these sessions was to develop the necessary knowledge and skills in children to help maintain gains made during the programme. The approach taken was similar to that of the physical activity sessions, with the emphasis being on practical skill learning in a fun and enjoyable environment.
Procedure
Anthropometric data (body mass and body composition) were measured on the first day in weeks 1 and 6 of the camp. On the same days, each child was asked to record subjective sensations of their appetite using an electronic appetite rating system (EARS). Therefore, each child completed the EARS in week 1 (WK1) and week 6 (WK6) of the camp. The day of the week was identical for WK1 and WK6. The meals ) calculated for each participant. BMI standard deviations were calculated using the 1996 revision of the Child Growth Foundation's growth reference programme. 29 Per cent body fat was assessed using air displacement plethysmography. 30 This method is accurate, quick to use, non-invasive and has been shown to be valid in this population. 31 Subjective appetite. EARS is an electronic method of measuring subjective appetite in the free living and laboratory using visual anaologue scales (VAS). The use of electronic monitoring of VAS has been validated and is well established.
32,33
The EARS has been used to continuously monitor subjective states in laboratory-based appetite studies (e.g., King et al. 16 ) and in clinical studies using renal and obese patients (e.g., Wright et al., 34, 35 Naslund et al.
36
). The EARS uses a handheld Psion computer to administer the VAS. The EARS automatically time stamps the subjective rating and its intensity. For a more detailed description of the procedure, see King et al. 37 Each child recorded his/her subjective sensation of fullness and hunger immediately before and after each of the three fixed meals (breakfast, lunch and dinner) and 2 h after following each meal. Therefore, participants recorded their hunger and fullness periodically (nine time points in each day) in WK1 and WK6. The experimenter provided each child with the EARS and instructed them to complete a set of VAS at the required time. When the child had completed the VAS, the EARS was returned to the experimenter.
Treatment of data and statistical analysis
The main comparisons were between WK1 and WK6. A twoway ANOVA (nine levels of time and two levels of week) was used to analyse the subjective sensations across the whole day. Meal-induced delta values were calculated for the breakfast, lunch and dinner meals by computing the change from pre-to post-meal. That is, the suppression of hunger and elevation in fullness were compared between WK1 and WK6. The main focus was to compare differences between WK1 and WK6. Therefore, paired t-tests were used to compare the differences in meal-induced delta appetite sensations between WK1 and WK6. Paired t-tests were also used to compare the baseline (waking/pre-breakfast) and premeal (pre-lunch and pre-dinner) ratings between WK1 and WK6. Because three paired t-tests each were used for the delta-meal and pre-meal sensations, the significance level (Po0.05) was divided by 3. Therefore, Po0.017 was used as the significance level for the paired t-tests. SPSS (version 11.0) was used for the analysis.
Results
Body mass
There was a significant difference in body mass (F (1,30) Closer examination of the hunger and fullness profiles indicated that there was a trend towards a weakening of the meal-induced suppression of hunger and elevation of fullness between WK1 and WK6 (see Figures 1 and 2) ; particularly for the lunch and dinner meals. The mealinduced suppression of hunger and fullness were calculated for each meal and week (see Table 2 ). There was a significant difference in the suppression of hunger induced by the dinner meal in WK1 compared with WK6 (t ¼ 2.59, d.f., ¼ 31, Po0.017). Therefore, the same fixed energy dinner meal in WK6 exerted less of a satiating effect than in WK1. There were no significant differences between WK1 and WK6 for any of the other meals or for fullness. There was no main effect of gender for any of the subjective appetite sensation comparisons (highest F(1,30) ¼ 1.07, ns).
Discussion
The main aim of this study was to compare subjective appetite responses at the beginning and end of the intervention. This study is unique, because as far as the authors are aware, it is the first study to assess the effect of physical activity, dietary and educational interventions on subjective appetite sensations in obese children. We have demonstrated that subjective appetite sensations (hunger and fullness) were sensitive to a medium-term energy deficit in children. Therefore, a medium-term reduced EI and increased activity led to marked changes in subjective appetite in obese children. Another important feature of the subjective appetite sensations is the clear meal-related oscillations in hunger and fullness. Some obese individuals anecdotally report not experiencing fluctuations in appetite sensations. 38 Our data shows that obese children do experience oscillations in subjective appetite sensations within a day, and that they are sensitive to medium-term reductions in EI and activity-induced increases in EE. The effects of activity interventions on appetite in children are rare. However, one study in 11-13-year-old girls showed that a single day of imposed activity did not influence hunger or food intake. 22 In adults, most of the activity interventions also show no effect on hunger. It is likely that such interventions are too small (small increase in EE) and too short (activity intervention not long enough). The children in the present study took part in 6 h day À1 of physical activity for 6 weeks. Given that the habitual activity levels of these children were relatively low before arriving at the residential camp, this increase would have markedly increased their EE. Most of the previous work in adults only tracks appetite responses for a few days of imposed exercise. Recent evidence suggests that partial compensation starts to occur if physical activity persists. Over a period of 7 days 39, 40 and 14 days 27 there was an indication of increases in EI following the marked elevation of EE. In none of these studies was there any indication of an increase in subjective sensations of appetite and food intake was ad libitum. Therefore, any subjective drives to eat were satisfied by an increase in food consumption. However, in the present study, the children were not given the opportunity to compensate via food intake because EI was fixed and not ad libitum. It is important to note food intake would not have been restricted after the children left the camp. Therefore, the increase in state hunger could potentially have negative implications for weight regain once the children leave the camp, because of the association between hunger and food intake. However, previous evidence suggests that children from this camp successfully maintain weight loss after leaving the camp. 4 Although macronutrient composition remained constant during the 6 weeks in the present study, the potential increase food intake in the free-living environment could be overcome by relatively satiating high-protein or high-fibre diets. Most of the evidence assessing the effects of imposed energy deficits on appetite comes from acute interventions. However, even with an imposed energy deficit in a single meal, hunger and food intake increase. [8] [9] [10] In the present study, the intervention can be considered to be longer than in most other studies and there was no opportunity to compensate for the reduced diet or increased activity because children were constantly supervised. The demonstration of a reduction in meal-induced satiety between WK1 and WK6 is an indication of an improved sensitivity of the appetite regulatory system. Therefore, in WK6 the children experienced a lower suppression of hunger after the dinner meal compared with WK1. Appetite sensitivity is how precise the appetite system is in detecting when the body has consumed enough energy. There is some evidence to suggest that physical activity contributes to a better regulation of food intake and energy balance because of an increase in appetite sensitivity. In the study of workers in West Bengal, Jean Mayer 41 found that EI only increases In the present study, the children did exhibit sensitivity to an intervention that markedly altered energy balance by displaying an increase in subjective appetite sensations. Of course, it is difficult to quantify the relative contribution of the reduction in EI and increase in EE to the change in subjective appetite sensations. However, the key finding here is that, assuming the net changes in EI and EE were in a negative and positive direction respectively, a significant energy deficit caused changes in the drive to eat. Of course, given the nature of the design of the programme, EI was fixed, and there was no opportunity for the individuals to satisfy the increased motivation to eat by eating more. Also, the intervention was long enough to induce a measurable (and significant) loss in body mass. The children tolerated an energy deficit for a relatively long duration. Cognitively, it has been shown that this does not affect the children negatively. In fact, children from the same residential camp have been shown to decrease negative and increase positive thoughts relating to exercise and appearance, and improve short-term psychological benefits. 6, 7 In conclusion, the results of this study demonstrate that, in children, a medium-term energy deficit resulted in a combination of activity and dietary interventions increased hunger and decreased fullness. The children demonstrated clear oscillations in response to fixed energy meals, and the energy deficit resulted in a weakening of the satiating effects of the meals. We believe this evidence is extremely valuable as we continue to develop effective treatment programmes for tackling childhood obesity.
